Purpose: Before expanding our indications for laparoscopic gastrectomy to advanced gastric cancer and adopting reduced port laparoscopic gastrectomy, we analyzed and audited the outcomes of laparoscopy-assisted distal gastrectomy (LADG) for adenocarcinoma; this was done during the adoptive period at our institution through the comparative analysis of short-term surgical outcomes and learning curves (LCs) of two surgeons with different careers. Materials and Methods: A detailed comparative analysis of the LCs and surgical outcomes was done for the respective first 95 and 111 LADGs performed by two surgeons between July, 2006 and June, 2011. The LCs were fitted by using the non-linear ordinary least squares estimation method. Results: The postoperative morbidity and mortality rates were 14.6% and 0.0%, respectively, and there was no significant difference in the morbidity rates (12.6% vs. 16.2%, P=0.467). More than 25 lymph nodes were retrieved by each surgeon during LADG procedures. The LCs of both surgeons were distinct. In this study, a stable plateau of the LC was not achieved by both surgeons even after performing 90 LADGs. Conclusions: Regardless of the experience with gastrectomy or laparoscopic surgery for other organs, or the age of surgeon, the outcome was quite acceptable; the learning process differ according to the surgeon's experience and individual characteristics.
Introduction
Minimally invasive procedures, such as endoscopic resection and laparoscopic gastrectomy for early gastric cancer (EGC) were introduced in the 1990s. These procedures, which are currently standard for EGC, have led to an era of tailored therapy for gastric cancer, especially in East Asia. Furthermore, experienced surgeons are attempting to extend laparoscopic procedures to advanced gastric cancer. 1, 2 In addition, robotic and single port laparoscopic gastrectomies have respectively been developed to overcome the technical drawbacks and to reduce the invasiveness of laparoscopic gastrectomy. 3, 4 The emergence of new operative procedures has a significant impact on the professional activities of surgeons, who must acquire them as soon as possible to provide the best care to their patients and to remain competitive. 5 However, new surgical procedures in their introductory period are difficult to learn. Educational opportunities and structured training programs, as in residency or fellowship, that support the acquisition of skills for a new procedure
Lessons Learned from a Comparative Analysis of Surgical Outcomes of and Learning Curves for Laparoscopy-Assisted Distal Gastrectomy cannot be anticipated during that period. In addition, securing an adequate annual volume of experience is another difficulty in low volume hospitals. It has been suggested previously that the high incidence of bile duct injuries in the early series of laparoscopic cholecystectomy could be related to the learning curve (LC). 6 Selfassessment of one's LC based on statistical analysis may therefore be essential and helpful in ensuring quality patient care. Before expanding our indications for laparoscopic gastrectomy to advanced gastric cancer and adopting reduced-port laparoscopic gastrectomy, we analyzed and audited the outcomes of laparoscopy-assisted distal gastrectomy (LADG) for adenocarcinoma; this was done during the adoptive period at our institution through the comparative analysis of outcomes and LCs between two surgeons with different careers.
Materials and Methods
This comparative, retrospective study was based on the pro- All the statistical outcomes based on two-sided tests were obtained using SAS software version 9.2 (SAS Institute, Cary, NC, USA). P-values ＜0.05 were regarded as statistically significant.
Results

Patient demographics and tumor characteristics bet ween the patient groups by surgeon
Surgeons A and B performed 95 and 111 LADG procedures, respectively. The details of patient demographics and tumor characteristics are summarized in Table 1 . The variables of both groups were statistically comparable to each other. Occurrence of intraoperative or postoperative complications and inadequate number (fewer than 15) of lymph nodes retrieved from the specimen were defined as failure of LADG. To determine differences, the Pearson's chi-squared test or Fisher's exact test was used to compare numerical variables, and the independent two-sample t-test or the To determine the LC of the LADG, the operative time was analyzed with respect to the chronological order of each patient who had undergone LADG by their respective surgeon .
Comparative analysis of operative and outcome data by surgeon
Operative Equation (1) For t = 1, 2, …, T and k > 0, 6 regression parameter coefficients. This is one of the main advantages of the regression model in Equation (1) over conventional methods such as moving-average technique and CUSUM (cumulative sum) analysis, none of which explicitly provide any statistical inferences, as, for instance, hypothesis testing for the parameters of our interest. For ease of understanding, we transformed Equation (1) into a simple form of the regression model with k = 3 represented as follows:
Equation (2) As shown in Equation (2), 1, …, 4 stand for partial changes of slope compared to their previous phases and C1, C2, …, C3 divide the LCs into 4 phases (Fig.ure 1) Values are presented as median (interquatile range) or number (%). GD/GJ = gastroduodenostomy/gastrojejunostomy; LN = lymph node; LADG = laparoscopy-assisted distal gastrectomy. 
Comparative analyses of learning curves bet ween surgeons
Statistical results for sequential operative times fitted by the non-linear least squares estimation method without adjusting for confounding factors are shown in Table 4 . As some important demographic and operative characteristics of each group were heterogeneous, linear combinations of the confounding factors were added to adjust for these factors. Among those listed earlier, no one confounding factor had any influence on surgeon B's operative time; however, the operative time for surgeon A increased when BMI increased, and when gastrojejunostomy was done for recon- All the statistics were derived from the non-linear regression (phase-wise linear regression) analysis based on Equation (1) struction (Table 5 ).
LCs constructed using the results in Table 4 are shown in Fig. 2 .
The LCs of both surgeons were distinct from each other. The LC of surgeon A had 3 phases while that of surgeon B had 4 phases. A decrease in the slope for LADG operative time by surgeon A was noted after the 10th procedure; after the slope of the curve plateaued with subsequent procedures, the operative time progressively decreased from the 34th procedure ( Fig. 2A) . For surgeon B, however, after the initial steep slope, the LC showed a seesaw pattern.
Furthermore, there even appeared to be an increase in operative time after the 86th procedure (Fig. 2B) . A stable LC plateau was still not achieved by either surgeon by the end of this study.
Comparative analysis of operative and surgical out
come data among the learning curve phases by surgeon Table 6 was the point at which the LC plateau was reached. 24 However, this should be interpreted with caution, because it was achieved by a few experienced surgeons in a high-volume center in Korea,
where a large number of gastric cancer patients are treated by a small number of experts. A stable LC plateau was still not achieved by either surgeon after 90 procedures in this study. This is probably owing to low annual LADG volume for both surgeons. With an average of less than two LADGs per month by each surgeon, it was difficult to master the LC in a short period. However, the postoperative morbidity and mortality rates in this study are comparable to those of two large-scale Korean multicenter studies (morbidity 12.5% and 14.0%, and mortality 0.5% and 0.6%, respectively). 16, 25 Operative time-based LC analysis may not be completely accurate and sufficient to determine proficiency in a surgical procedure. 26, 27 Thus, analyses of intra-and postoperative data according This might also cause differences in the median operative time and in the number of LC phases. Adequate lymphadenectomy for oncological safety was one of our major concerns throughout the adoptive period of LADG. There should be no compromise in the principles of oncological surgery for completing a gastrectomy laparoscopically. Martinez-Ramos et al. 29 showed that pN0 misclassification was very low when 26 negative lymph nodes were examined. In this study, the mean and median numbers of lymph nodes retrieved at LADG by the surgeons were about 30, and the failure rate of lymphadenectomy was about 5%, comparable to other studies. 15, 20, 23, 30 These results imply that adequate lymphadenectomy was The surgeons had different criteria for conversion. The conversion rate in our study was about 1.5%. Notably, conversion only occurred in the first phase of surgeon A. Similar to our findings,
Kye et al. 26 demonstrated that the conversion rate of a senior surgeon was somewhat higher than that of a junior surgeon in their study on the LC of laparoscopic right hemicolectomy conversion was regarded as an intraoperative complication in the present study.
On the contrary, Belizon et al. 31 suggested that it should be viewed These might also cause differences in the median operative time and in the LC shape and number of phases.
In conclusion, our study showed that LADG, including an adequate number of lymph node harvest, could be performed safely and with acceptable morbidity and mortality rates during the adoptive period. More procedures than those previously suggested by a few large-volume centers in Korea were required to overcome LC; however, the authors believe that the surgical outcomes of this study would be comparable. Although two surgeons at our hospital 
